The dissolution behavior of precipitated hydrous chromium oxide in perchloric acid solutions containing SO24-or Cl-was studied and the dissolution mechanism was discussed from the point of view of electrochemistry.
The dissolution behavior of precipitated hydrous chromium oxide in perchloric acid solutions containing SO24-or Cl-was studied and the dissolution mechanism was discussed from the point of view of electrochemistry.
The dissolution rate in acid solutions obeyed a linear rate law and was expressed as d[Cr3+]/dt
The dissolution rate is determined by superimposing the following two coupling and coupled reactions whose rates depend upon the potential difference at the hydrous oxide-solution interface:
where H. O. denotes hydrous chromium oxide. An electrochemical dissolution mechanism is proposed which involves as an intermediate complex CrSO4+ for perchloric acid solutions containing SO24-, CrCl2+ or Cr(OH)Cl+ for those containing Cl-, and Cr(OH)2+ for pure perchloric acid solutions.
(Received December 25, 1974) It has been considered that the corrosion of passive metals and alloys is not caused by the active metal-dissolution but the dissolution of a nonporous passive oxide film in aqueous solution. The corrosion current density of iron(1)(2), chromium (3) and their alloys(4) is independent of the potential in all the range of passivity, although depending upon the pH of solution. Vetter(1) explained such a corrosion behavior by assuming that the dissolution rate of the passive oxide film is electrochemically controlled by the potential difference at the filmsolution interface, which is determined soley by the pH of solution.
Recent studies of passivated stainless steels in acid solutions by means of X-ray photo electron spectroscopy(5) and Auger electron spectroscopy(6) have proved the high enrichment of chromium component in the passive oxide film, which seems to explain the high corrosion resistivity of stainless steels in acid solutions. The passive oxide film has an amorphous structure with a chemically bound water (7) .
Hydrous chromium oxide prepared by precipitation in aqueous solution according to the X-ray diffraction data (8) , has also an amorphous structure. Therefore it is expected that the structure of hydrous chromium oxide is similar to that of the passive chromium oxide on stainless steels. In this study, hydrous chromium oxide prepared by precipitation is adopted as a model material of the passive oxide film on stainless steels and the dissolution of hydrous chromium oxide in acid solutions is investigated and the dissolution mechanism is discussed from the electrochemical point of view. The dissolution rate constant per 1g of hydrous about 2mg/hr, which is one-hundredth that of hydrous ferric oxide(10) prepared under the same precipitation condition. The apparent activation energies of dissolution in these acid solutions can be calculated from the temperature dependence of rate constant k, using the Arrehnius plot. The apparent activation energies thus estimated are 11.2, 10.7 and 9.3 kcal/mol for 1N-HCl, H2SO4 and HClO4 respectively. It is known(10) that the dissolution rate of hydrous ferric oxide depends upon the activities of proton and anion in acid solutions. The effect of anion activity on the dissolution rate is examined by adding some amount of anions (SO24-and Cl-) in the form of sodium salt to 1N-HClO4 solution at a constant acidity of pH=0.4. Figures 4 and 5 show the effect of anion activities of SO24-and Cl-on the dissolution rate, where the anion activities are calculated from the mean activity coefficient of the corresponding salts (11) . For ClO4-ion, no significant effect of anion activity was found on the dissolution rate. Figure 6 shows the linear relation between the logarithm of dissolution rate at the latter stage of dissolution in Fig. 4 and Fig. 5 and the logarithm of anion activities of aC1-and aSO42-. The slope of the straight lines in Fig. 6 in 0.29 for aSO42-and 0.27 for aC1-. The HClO4 solutions of pH=0.81, 1.76 and 2.86 at constant aSO42-=0.135mol/2 were used to study the effect of proton activity, a"+ on the dissolution rate. Figure 7 shows the effect of pH on the dissolution rate. The logarithm of dissolution rate at the latter stage of dissolution is plotted against the logarithm of aH+ in Fig.  8 . The slope of the straight line in Fig. 8 is 0.46. From these results, the rate of dissolution is better expressed by eq. (2) than eq. (1).
where k' in a rate constant, aH+ the proton activity, aA-the anion activity, and m the slope of straight lines in Fig. 6 .
Mechanism of electrochemical dissolution of hydrous chromium oxide in acid solutions
Considering the dissolution behavior of hydrous chromium oxide from electrochemical point of view, the dissolution reaction may be regarded as consisting of two coupling and coupled reactions at the hydrous oxide-solution interface as shown in eqs. (3) and (4) It is generally accepted that the potential tion is determined by the equilibrium of reaction (4) . Therefore, assuming a quasi-equilibrium of (5) where F is the Faraday constant, R the gas standard free energy change of reaction (4).
the pH of solution. In order to explain the effect of activities of anions and proton on the dissolution rate observed experimentally, the dissolution mechanism of chromium ions must involve hydroxyl group and anion. Therefore, reaction (3) is replaced by the following reaction in which an intermediate complex is assumed : (6) (7) where Ar-ad is the adsorbed anion, r the anion charge number, P the stoichiometry of adsorbed anion, n the number of OH-coordinated to Cr3+
The reaction rate, i7 of eq. (7) is given by eq. (8) because the reaction is controlled by the (8) determining step (7) and is in the range of Introducing eq. (5) 
where K12 is the adsorption constant and 0<q <1. The Freundlich Isotherm was usually considered to be an empirical isotherm but Zeldowitch (12) has established its theoretical basis from the summation of each Langmuir isotherm at heterogeneous adsorption sites. Eventually, eq. (13) can be obtained by introducing eq. (12) to eq. (11).
As eq. (13) Fig. 9 shows that the dissolution rate of hydrous chromium oxide in perchloric acid solutions containing SO4-is determined by superimposing iCrSO4+ and iOH-which causes no significant polarization in Fig. 9 is referred to the zero point of charge of hydrous chromium oxide which is pH= 8.5 (13) The dissolution behavior of amorphous hydrous chromium oxide in perchloric acid The potential difference at the interface depends upon the pH of solution because of quasiequilibrium reaction of
The real dissolution rate is determined by superimposing two coupling and coupled reactions as explained in Fig. 9 .
From these results, an electrochemical dissolution mechanism is proposed in which the intermediate complex involved is CrSO+4 for perchloric acid solutions containing SO2-4, CrCl+2 or Cr(OH)Cl+ for those containing Cland Cr(OH)+2 for the pure perchloric acid solution.
